Agile software development methods and techniques have been demonstrated to improve employee morale, enhance end-product quality, and achieve customer satisfaction. Agile adoption always comes with special challenges and thus fundamental organizational changes are necessary for successful outcome. In this paper we present an in-depth case study for adopting Scrum in a multi-team and multi-project situation to a government entity in the United Arab Emirates (U.A.E). While there are many successful stories for adopting Scrum in large and small organizations, there is little known about adoption stories in a multi-project/multi-team environments. In this paper we present a case study for an unsuccessful adoption of Scrum in a government entity in the U.A.E. The government entity under study have used the traditional waterfall approach for many years and decided to move to Agile software development method. This study highlights the challenges faced during the adoption of Scrum method with recommendations to address them. Each organization has its unique properties and one case study is not enough to draw conclusions for the U.A.E environment. However, the results obtained from this paper help software engineers to better understand the development environment and context factors for software projects in the U.A.E and many lessons may be learned for future Agile adoption.
I. INTRODUCTION
More and more organizations are moving toward adopting Agile software development [1] , [2] , [3] , [4] . This is driven by the constant need of producing better, faster and costeffective software solutions and at the same time maintain a high rate of employee job satisfaction [5] . An adoption attempt of Agile methods was carried out by a government entity in the UAE. This entity, referred to as S, consists of an IT and Telecommunication Department that includes around 200 employees. Entity S consists of a System Development Division that has over 50 employees, the organization structure of S is shown in Figure 1 . The employee's roles include head of division, branch managers, project managers, system analysts, developers, technical writers and tester. Most of entity S information systems and programs are developed in-house by the System Development Division. The main technologies using in developing the software system is Oracle and .NET technologies. Some Commercial Offthe-Shelf software products (COTS) are also utilized by the division. The development method that is used in S is a customized waterfall method. The phases of this method are: All the units under the Systems Development Division comply with the waterfall model approach. The software development teams under this division experience many issues and challenges during the software development cycle, the main issues are:
• Failure of some projects • Failure to meet deadlines • Variations in information systems and programs quality • Lack of knowledge transfer between team members In 2009 a task force was formed to discuss issues and concerns faced during the software development process. The task force included representatives from every unit under the division. The main objectives is to target the above issues and come up with recommendations and remedy actions. The task force investigated alternative approach for software development process and recommended a workshop to investigate the Agile approach. A consultant, who is an expert in Agile software development, was hired. The consultant performed a thorough analysis of the currently used waterfall model, he also conducted a series of meetings with the management and with the task force. The recommendation was to adopt Scrum approach. A training course "'Introduction to Agile Development" on Scrum was offered to 30 team members from different level and roles. The course was offered under the supervision of the consultant. A survey were conducted immediately after fi nishing the course, there was a consensus among the team members that Scrum would be better option than the current waterfall method. At the end of the training course all members of the team members were enthusiastic and optimistic and were looking forward to lead the change in entity S. In 2010 and based on the feedback from the task force, entity S management decided to adopt Scrum.
In this paper we present an industrial case study for adoption of Agile software development technologies for a government entity in the U.A.E. Case studies exhibits factors that may not be predictable for formal experiments [6] , [7] . In software engineering case studies are essential to build evidence and draw conclusions on software engineering tools and methods [8] . However each corporate has unique setup, team background, cultural and project properties. This makes generalization of a case study a diffi cult question [9] . To evaluate the credibility of the theory behind a software engineering method, a number of case studies in different conditions must be conducted [8] .
The main contribution of this paper is that, to the best of our knowledge, it is the fi rst study on adopting an agile software engineering method in the U.A.E in a multi-team/multi-project environment. Second this paper exhibits challenges for agile adoption that are unique to the U.A.E environment and not reported in any of the studies in this domain.
The rest of the paper is organized as follows: section II presents an overview of the development and context factors of the project, section III discusses the challenges faced during the adoption process, section IV shows the proposed solutions and fi nally section V is the conclusion.
II. DEVELOPMENT AND CONTEXT FACTORS
The result of a case study is correlated with environment in which the study was carried out [10] . Thus one cannot generalize a case study, such generalization is subject to the question of external validity [9] . In our paper we record the context factors of S to fully understand the generality and the utility of the fi ndings. It is also helpful to understand the differences between the challenges faced in the environment of S and the challenges faced in other working environments. In this study we present the development factors and the context factors of the project in S. The development factors studied in this paper are as described in [11] are: Personnel, Dynamism, Culture, Size and Criticality. The context factors presented are as introduced in [12]to be: Sociological, Project-specifi c, Technological, Ergonomics and Geographic factors. In this study six sources of data and information are used as shown in Table I A
. Developmental factors
The developmental factors of the development environment of entity S is shown in Figure 2 . The polar graph indicates that S is more traditional and plan-driven than agile. It can be clearly noticed from the graph that the percentage of loss due to impact of defects is very low due to the fact that all their projects are funded by the government entity. Also, the percentage of requirements change per month is very high due to that fact that internal customers, departments on the government entity, do not have to pay the cost of requirements change. The results of the graph are collected from DL.
B. Sociological Factors
Entity S sociological factors are summarized in Table II . Entity S has a total of six teams of sizes 5,5,4,5,3 and 15. As shown from the table, many team members are specialists with high level of domain and language(s) expertise. There is group of 3 testers who are shared between all the six teams.
C. Project-Specific factors
As shown previously in the sociological factors, teams in S work on large number of projects concurrently that makes it hard to collect project-specifi c factors for all of them. Table  III collects some common factors for the projects on S. These factors indicate that the constraints affect all the projects performance and results.
D. Technological factors
The development methodology that S uses is the traditional Waterfall methodology. The programming languages used are all compatible with the web-based Oracle DB server. All project managers are PMP certifi ed and they follow a rigid the working outcome in general. There are many means of communicating with customers but the most offi cial way is by formal letter, which leads sometimes to delays in project follow up.
F. Geographical factors
The last context factor in S is geographical factors. As shown in table VI, team and customer locations are relatively close, which spares the issues that come with multi-national and different time zones communication.
III. CHALLENGES OF AGILE ADOPTION IN ENTITY S
The agile teams in S have faced many issues during the Scrum adoption phase. The challenges were signifi cant enough to put the Agile project on hold, teams started gradually to go back to the traditional Waterfall model. To understand such challenges, we conducted meetings and surveys with every development team and with the upper management of S. Many challenges were recorder, in this paper we list 8 challenges in priority order.
1) Challenge 1: Missing the Agile Master Role: Agile master or Agile coach is an essential role during agile adopting process in any organization [13] , [4] , [1] . Agile coach is considered a consultant for the team in every step of a project using an agile method, such as Scrum, that is responsible of providing guidance and help to succeed in adopting agile. Entity S management recognized the need to fi ll this new management role introduced by Scrum. However the position was not fi lled due to fi nancial constraints and senior software managers from within entity S took the role as the Scrum Master.
2) Challenge 2: The overzealous teams: The Agile course that the employees of S attended had a very positive reaction and convinced the management about the benefi ts of the transition to agile practices. It created a number of overzealous teams that wished to adopt to agile as soon as possible hoping it will solve all their previous development challenges known for traditional methods. Only few members of the teams raised concerns on fast adoption of a new method , but fi nally it was decided to go with the vote of the majority. The overzealous team fast adoption of agile led to many unexpected problems. One of these problems is the decrease in productivity because the development cycle took longer time due to many mistakes in implementation. This decrease in productivity led many team members to be less optimistic and started to lose interest in agile methods. To catch up with deadlines the team started to go back to the previous waterfall method.
3) Challenge 3: The Absence of a Pilot Project: Another challenge is the absent of a pilot project in the transition from the previous traditional method to the scrum method [4] . Conducting a pilot project was a recommended step in the adoption of agile development for the fi rst time and was advised by the "Introduction to Agile Development" training course. As a part of the plan to adopt agile method, the pilot project is essential to evaluate how S environment will be able to move from the previous heavy-weight method to a new light method that is completely unfamiliar to the teams. In literature many organizations went through the same experience of running a pilot project especially those companies that has large projects in comparison with S such as Microsoft [14] , Yahoo [15] , [16] , Intel [17] and Amazon [18] . After investing the needed time and resources they have reached to a successful adoption of agile. After the management decision to adopt Scrum, there was a debate on the need for a pilot project. A meeting was held with the management to discuss the advantages of starting a pilot project as a fi rst step before full adoption . The outcome was not very encouraging and the theme of the meeting can summarized by a comment from one senior manager: "Why investing too much and wasting time and resources for a pilot project if the Scrum method promises success?". Later after few weeks of direct adoption of Scrum, the team started to face tremendous diffi culties and started gradually going back to their previous work method to catch up with late deadlines. 4) Challenge 4: Scrum Implementation: Although the employees in S were very experienced but yet none of them had any previous experience with agile development methods or Scrum implementation in particular. This is in addition of the absence of the Agile master.
For the team members, scrum implementation was not as easy as it appeared to be during the training session. The team members fi nd themselves , suddenly, in a completely new setup. The experience of traditional methods is completely different than committing to daily meeting, working with time boxes, fi nishing tasks in small period iteration and documenting the stories (or backlogs). Changing project management and programming habits in weeks or even months is diffi cult because it comes with training and more serious commitment to change. 5) Challenge 5: Current Work Pressure: Although S software development teams serve a very large organization of over 30 departments and developed numerous project through the years. The development projects require continues maintenance and support. In addition, the team was working on a new project with fi rm deadlines. The work environment was very demanding and team worked under pressure to produce products according to the planned schedule. Scrum adoption process started while every member of the team was engaged in his/her everyday tasks. With such work pressure the daily Scrum meetings added extra pressure to the employees. They used to meet weekly and later twice a month and then only when required and usually after working hours. As teams started to skip daily meetings it also affected the learning process of scrum between the team members. This eventually led to the failure of learn and implement concept of the agile method.
6) Challenge 6: Upper Management Concerns : The upper management of S had many concerns about the effectiveness and success of the transition to a new method. The upper management was not easily convinced to invest in a new method. Not having the full support of the upper management was a great challenge. The employees were unmotivated by lack of resources and lack of recognition of their efforts to improve the software development method. With time, and with the other challenges they faced, Scrum method implementation reached to an end. 7) Challenge 7: Governmental bureaucratic System: The traditional method currently in S was customized to comply with the governmental system of other department. The new agile method being introduced, Scrum, is developed in such highly bureaucratic environment. The agile team has to secure approvals and signatures before moving from one step to another. This was perceived by the team members as unnecessary and more time was taken into account to develop a new project. The scrum method requires much less correspondence, less time in communication between customer and the team and requires signifi cantly less paper work and approvals as the customer is supposed to be involved in every step. Here, the governmental bureaucratic system came on the way of succeeding in the adoption of agile.
8) Challenge 8: Documentation requirements:
After years and years of extensive documentation of every step in the traditional method, moving to a new method with minimum documentation requirements was one of the greatest challenges. Every project used to end up with dozens of document such as project charter, project plan, testing plan, SRS, STS, technical documents, user manual, etc. Each of these document contained large number of pages written by every member of the team and consumed hours of the valuable development time. The documentation requirements were driven basically from the previous challenge (the governmental system), upper management, ISO certifi cate requirements and the traditional development method that is currently used. Although agile development promises suffi cient documentation of the projects, it did not seem very convincing to the upper management when they end up receiving few documents in comparison with the previous model of documentation. Many attempts were made to try to balance between the upper management requirement regarding documentation and between adopting Scrum method. Agile teams started to increasing the number of documents required for documentation and started to customize Scrum as much as possible to conform with all the upper management requirements of documentation norms. This did not work very well and it created extra burden on the agile teams.
IV. PROPOSED SUGGESTIONS TO OVERCOME THE

CHALLENGES
In this section we summarize suggestions to overcome the above agile adoption challenges. These proposed suggestions are either best practices in agile development, solutions that are suggested by previous researches or our own suggestions.
A. Challenge 1 Solution:
In agile software engineering literature [18] , [13] , [11] the Agile Master has a critical role to play to ensure successful outcomes. Obviously entity S needs to hire an Agile Master for at least six months to increases the chance of succeeding in the agile adopting process.
B. Challenge 2 Solution:
Careful planning and discipline of agile adoption is required. A team must also expect a slight decrease in productivity when fi rst adopting agile while the teams learn the new implementation techniques.
C. Challenge 3 Solution:
There is no doubt in the agile software community that the pilot project is an essential part of the adoption steps. A pilot project must be selected when fi rst adopting agile. The pilot project should be carefully selected as follows [18] , [12] :
• The project duration should be near the middle of what is the average for an organization • It should be small enough to be done by one team. • It should not be critical to the organization
D. Challenge 4 Solution:
Applying Scrum software development approach in an organization cannot be simply learned from a book or a course. To increase the chance of succeeding in scrum implementation several actions are advised:
• The agile master role must be provided to guide teams during the fi rst 6 months of agile implementation • Contracting or hiring an experienced developer with scrum might help and support the leaning process of scrum between the employees. • Increase the number of agile courses training and workshop that provide more details of how to implement scrum.
E. Challenge 5 Solution:
The adoption of agile should be planned in a time that has the minimum work pressure, for instance, entity S should invest more time by not accepting new projects for 6 months and investing this time only for agile adoption. Such an investment will pay back later after the teams get their appropriate training on scrum and start working effi ciently with the new method.
F. Challenge 6 Solution:
Upper management approval is fundamental to support any major change in the processes of any department, without their approval the success of the adoption is doubted. To acquire the upper management support a presentation or a meeting might be conducted to demonstrate the new agile development and explain the benefi ts of changing to a new method.
G. Challenge 7 Solution:
One of the valuable benefi ts of agile development is its ability to be customized based on the culture and the environment of the organization it is adopted in. These changes should not compromise its benefi ciary and affect its effi ciency. It might not be realistic to change the whole organization system overnight but that does not mean that governmental systems should not be revised and enhanced to what is best for the governmental organization.
H. Challenge 8 Solution:
Lots of organizations complain about the lack of documentation, but also over-documenting and spending plenty of time documenting unnecessary information is incorrect. What agile development offers is a new way of comprehensive documentation that takes less time and effort. This is another issue that needs to be supported by the upper management and agreed upon with the customers from the beginning of the project.
V. CONCLUSION
Departure from plan-based software engineering approach to Agile software engineering approach is a major step that needs careful planning and requires allocation of resources. In this paper we present a case study on Agile adoption for an organization in the United Arab Emirates (U.A.E). The organization follows the traditional Waterfall software development model. Many challenges were faced by the agile teams which caused the adoption to fail. The challenges include: missing the Agile master, the overzealous teams, absence of a pilot project, unexpected diffi cultly in Scrum implementation, high work pressure, and many others. All these challenges could be avoided or minimized if the adoption process were carefully planned and enough human and fi nancial resources were secured in advance [19] . Many lessons may be learned from such experience and it is worth sharing this case study with the industrial and research community
